INTRODUCTION
'Hard' engineering solutions (such as emplacement of 'groynes') to waterway and coastal management problems have long been used to guide and enhance tidal flows, so that tidal scouring can reduce rates of channel sedimentation (e.g. see Van Rijn, 2004) . A measure of their success can be viewed in the extent to which maintenance dredging is required to ensure harbour channel navigability.
An attempt to secure this effect is seen at Lakes Entrance, Victoria, Australia. Here, a permanent entrance to the Gippsland Lakes was engineered through a Holocene swash aligned outer barrier system (Bird, 1965; Bird, 1971; and Thom, 1984) to provide year-round navigation between 'The Lakes' and Bass Strait after 1889. Port development nearby at Lakes Entrance followed, and with it the expected bathymetric monitoring of navigation channels. The resulting time-series analogue hydrographic charts show changes that include engineered attempts to promote navigation channel ebb-flow scour, in this case by means of a groyne field emplacement along the Reeves Channel. Analogue to digital conversion of official hydrographic records of the artificial entrance area allows the long-term bathymetric effects of groyne emplacement in echelon to be three-dimensionally examined.
Geographic Information Systems (GIS) technologies have allowed such coastal zone changes (and attendant problems) to be two and three-dimensionally modelled, analysed, monitored and displayed (e.g. see van der Wal and Pye, 2003, and Hennecke et al. 2004) . Such digital spatial data handling can be deployed in situations where monitoring of channel bathymetry by ports management authorities is required. By deploying such information in the coastal zone, the efficiency and effectiveness of coastal management may be considerably augmented. The coastal lagoon behind the sandy outer barrier periodically flooded across the extreme easterly extent of the sand barrier (e.g. see Bascom, 1954) . It was at this location (near 'Red Bluff') that Europeans first discovered the natural entrance to the Gippsland Lakes in the late 1830s, with the first official survey of this entrance being carried out in 1849 (Bird and Lennon, 1989) . Bird and Lennon (1989) and Fryer (1973) have dealt with the history of the Gippsland Lakes artificial entrance in detail. The opening of a permanent engineered entrance to the lakes in June 1889 provided a means of year-round navigation between the lakes and Bass Strait, and enabled continued port development nearby at a place that came to be known as Lakes Entrance (refer figure 3). Until then, commerce between the settlements of East Gippsland and Melbourne was facilitated by vessels traversing the intermittently navigable natural entrance to the lakes near Red Bluff, into a channel then known as 'Reeves River' (now Cunninghame Arm) (refer figure 4). The intermittent closure to navigation of the natural entrance channel, due to the operation of natural physiographic processes, thus constituted a major impediment to regional commerce. Even when in a navigable state, many vessels were lost whilst attempting to sail across this natural entrance (e.g. see Love, 2004) . The Fifth Report of the Royal Commission on Victorian Outer Ports: Gippsland Lakes Entrance and Gippsland's Development Generally, published in 1927 , was critical of the Gippsland Lakes artificial entrance project. The report related that since the opening of the artificial entrance:
THE GIPPSLAND LAKES ARTIFICIAL ENTRANCE HISTORY
Persistent sea forces have been actively in operation in forming a[n offshore] bar to obstruct the artificial entrance to the lakes… 25 years ago, the depths over the sand bar at the [artificial] entrance ranged from 13 to 14 feet; now the navigable depth is little more than 8 feet. The situation has been getting rapidly worse during the whole of that period, and has now reached a climax which cannot be ignored, as the owners of the small vessel left trading to the port indicate the early necessity of withdrawing altogether from the trade… As a result the maritime trade of the lakes has gradually declined almost to its primeval stage after a total expenditure of about £473,710 on the entrance works and construction and maintenance of interior waterways (Royal Commission on Victorian Outer Ports 1927, 10 ).
This report suggested views for the improvement of entrance works, 'each fully considered and designed to indicate the remedy for overcoming the serious position that has developed at Lakes Entrance ' (1927, 22) . One of the views expressed was that training walls should be constructed in the Reeves Channel in order to:
concentrate… the outflow of the water… before any outer works are undertaken.
It was suggested that the increased velocity of the scour through the Entrance which should result might have a considerable effect in cutting a channel through the bar, and that the construction of seaward works should wait until the result became apparent and further large expenditure might prove unnecessary or be modified.
In the conclusions and recommendations section of this report (1927, (4) (5) (6) , point number 12 recommends that:
As the problem to be solved is the control and removal of the sand bar [ebbtide delta], which has almost brought shipping to a standstill, it is recommended that the Ports and Harbours Department should, without delay, carry out the confining and clearing of the Reeves Channel just within the Entrance by a continuation of training walls… This continuation of training walls… would materially reduce the cost of dredging, and will have to be carried out whatever larger scheme is ultimately adopted for the Entrance. These channel improvement works may also have the effect of reducing or removing the bar, and by an improved [ebb-tidal] scour through the channel keep it open for existing traffic, on which the district and the fishing industry are largely dependant.
RIGBY ISLAND GROYNES
The original design for the proposed Reeves Channel training walls, as contained in the 1927 Royal Commission, is provided at figure 5. In plan form they comprise two extensions to the entrance training walls into Bass Strait (western wall extension 275 ft (83.82 m) in length, and eastern wall extension 180 ft (54.86 m)), extensive rubble seawalls around Bullock Island, and a rubble wall of 1000 ft (304.8 m) length at the northern side of the confluence between the Reeves Channel and the North Arm. In addition, a rubble training wall of some 1500 ft (457.2 m) in length (with a future extension to this wall proposed) was to be obliquely extended from the eastern shoreline of Rigby Island into the Reeves Channel. This structure was designed to funnel ebb-tide flows into the Entrance Channel, thereby enhancing ebb-tidal velocities and attendant sediment scouring in the Reeves and Entrance Channels, and across the ebb-tide delta in Bass Strait. 
Author
The Bairnsdale Advertiser noted on 13 April 1948 that initially, a sum of £11,000 was provided for 'construction works in the Reeves Channel' in order to 'maintain depths in the Entrance Channel'. Victorian Ports and Harbours Division records for the period 1948 -1964 (PROV, 2005 show that various 'Harbour Improvements' at Lakes Entrance (consisting of rubble training wall construction, extension, and some reconstruction of training walls due to local subsidence) took place in the Reeves Channel. The emplacement of some of these training walls (around Bullock Island, and at the confluence of the Reeves Channel and the North Arm) is evident in oblique photos from this period (refer figure 6) . However, the Rigby Island 1500 ft (457.2 m) long rubble training wall (or 'groyne'), proposed in the 1927 Royal Commission, was never emplaced in the Reeves Channel. Rather, hydrographic survey charts of the artificial entrance area (obtained in 1941 and 1964) show that emplacement of three separate rubble groynes, extending obliquely from Rigby Island into the Reeves Channel in echelon, took place within this survey interval (refer figure 7) . Spatial modelling, utilising time-series analogue hydrographic charts as a primary dataset, offers the chance to examine the long-term effects of the positioning of these three groynes (in separation from the original 1927 Royal Commission design). Thus the effectiveness of this groyne field (in its primary role of 'funnelling' ebb-tide flows towards the Entrance Channel, and so enhancing ebb-tidal velocity and sediment scouring) can be determined. 
METHODOLOGY
Hydrographic chart archives from the Port of Melbourne Corporation and Gippsland Ports for the time period February 1941 to January 2005 offered the primary time-series data for analogue to digital conversion, and subsequent digital spatial database building and analysis. Details pertaining to these database construction processes are provided at Table 1 .
From the time-series digital spatial dataset has been derived:
A. time-series digital elevation models (DEMs), from which changes in the nature of the flood tide delta could be visualised;
B. time-series volumetric quantification of morphometry changes (by use of the 'Cut and Fill' function, and;
C. time-series mapping of morphological change distribution. Table 1 Chart and analogue to digital conversion details for individual hydrographic charts
Figure 8 Data flow path
A concise data flow path for this project (refer figure 8) includes reference to these project outcomes. The accuracy concerns with the use of Grid DEMs referred to by Chang (2004: 147) led to the development and use of only TIN DEMs for the analysis reported in this paper.
STAGE 1: ANALOGUE-TO-DIGITAL CONVERSION
The process of georeferencing all digitised hydrographic charts to the same horizontal datum (GDA94 MGA Zone 55) entailed the location of common Ground Control Points (GCPs) applying to each chart over the entire time period encompassed in the study. Ideal GCP locations were those whose position had not altered for extended time periods (for example, prominent coastal engineering structures within the study area). However, not all the long-standing engineering structures can be used. For instance, although Rigby Island Groynes 1, 2 and 3 have been emplaced for an extended period, they cannot offer suitable GCP locations because they have required rebuilding due to local subsidence (PROV, 2005) . Upon selection of suitable GCP sites (refer figure 9), accurate latitude/longitude coordinates were obtained using differential GPS (dGPS) technology. GCPs obtained via dGPS were converted to GDA94 MGA Zone 55 coordinates from World Geodetic System 1984 (WGS84) coordinates in ESRI ArcGIS 9 (ESRI, 2005) . Upon completion of datum transformation of GCP locations, each digitised hydrographic chart image was georeferenced in ESRI ArcMap. This process allowed on-screen digitising of shoreline and depth data, and subsequent TIN DEM construction to take place. 
STAGE 2: TWO AND THREE DIMENSIONAL VISUALISATION
Upon completion of initial DEM construction in ESRI ArcMap, all DEMs were converted to layer files to reflect the same depth value colour ramp. Direct visual comparison between models is thus facilitated by common georeference and depth legend. Visual comparison can also be enhanced by the use of depth shading methods, where all depths above a defined datum are similarly coloured. Using this method, major flood-tide delta sediment accretion areas of a predetermined depth below chart datum (CD) can be examined.
STAGE 3: TIME-SERIES DEM VOLUMETRIC COMPARISON
The 'Cut and Fill' function located in the GIS software ESRI 3D Analyst enables convergence of all data processing for derivation of model-dependent net time-series volumetric flood-tidal delta change. Using this tool, the bathymetric contours of a pair of TIN DEMs can be compared so that volumetric (m³) differences can be estimated. Construction of Cut and Fill 'analysis masks' (consisting of a polygon shapefile constructed in ESRI ArcCatalog and ArcMap) allowed uniform sections of the study area to undergo Cut and Fill analysis. Thus, time-series DEMs of similar bathymetric coverage could be readily compared to one another, revealing the amount of net sediment gain or loss between successive hydrographic surveys.
It should be noted that all area and volumetric figures derived from Cut and Fill analysis of study area DEMs are model dependent. Inherent and introduced data errors may well have affected the accuracy of the input data (DEMs). The proximity of hydrographic data survey timings to dredging operation timings can never be quantified, and this is a variable factor that should be considered when assembling data on net volumetric change. The seasonal timings of hydrographic surveys must also be considered, because the operation of dynamic environmental forcings/regimes (and their effects upon channel bathymetry and sediment volumes) will differ between surveys. Thus, a linear volumetric gain/loss trend between DEM 'snap-shots' should not be assumed.
RESULTS

TIME-SERIES VISUALISATION OF REEVES CHANNEL BATHYMETRIC EVOLUTION
Appropriately built DEMs can be deployed to provide time-series visualisations:
A. as two-dimensional images, with colour changes denoting depth differences, with, smaller DEM 'thumbnail' images displayed besides one another to show the nature of time-series bathymetric evolution within the entire study area, or B. as oblique three-dimensional images Reference to both two and three-dimensional time-series DEM visualisations over the period 1941 -2005 enables the long-term extent of Reeves Channel bathymetric evolution in the vicinity of Rigby Island Groynes to be understood.
Visualisations developed from the 1941 hydrographic chart (refer figure 10) show the state of Reeves Channel bathymetry prior to emplacement of Rigby Island Groynes 1, 2 and 3. A deep channel of linear form is present below Jemmies Point, which progressively shallows between Bullock and Rigby Islands. A major flood-tide delta depositional area can be noted as occurring between these islands. Two small curved rock groynes in echelon have been emplaced on Rigby Island prior to 1941, and an area of marked tidal scouring is evident below the southernmost groyne, with the development of a small tidal scour hole evident off the groyne end.
Visualisations for February 1964 (refer figure 11) show that emplacement of three large rock groynes along Rigby Island has occurred. The large flood-tidal sediment depositional area (extending between Rigby and Bullock Islands) remains. Clearly, groyne emplacement on Rigby Island has caused turbulent flows to develop at respective groyne outer ends, signified by the development of deep tidal scour holes. Turbulence caused by emplacement of small groynes on the Bullock Island seawall (near the North Arm entrance) (refer figure 12) has caused sediment scouring to occur along a small section of the Reeves Channel. Development of a sediment depositional area can also be visualised between Groyne 2 and the entrance to the North Arm.
Visualisations for August 1975 (refer figure 13) show that water depths have increased in the Reeves Channel. Tidal scour holes are still apparent at the outward ends of Rigby Island Groynes. A flood-tidal sediment depositional area still exists between Bullock Island and Rigby Island (adjacent to Groyne 3), albeit reduced in size in comparison with what is shown in the February 1964 visualisations. Removal of the sediment depositional area between Groyne 2 and the North Arm entrance has taken place.
From reference to post-August 1975 post-August visualisations (for 1985 post-August , 1987 post-August , 1989 post-August , 1991 post-August , 1992 post-August , 1993 post-August , 1994 post-August , 1998 post-August , 1999 post-August , 2000 post-August and 2005 (refer figures 14-25) it can be viewed that extensive channel infilling (flood-tidal deltaic development and consolidation) has taken place along both the Reeves Channel and in the Entrance Channel. Deep tidal scour holes persist in all visualisations adjacent to the outward ends of Rigby Island Groynes. DEM visualisations clearly show the progressive development of a tidal channel of sinuous form in the Reeves Channel between these groynes. Over this time period, large flood-tidal sediment shoaling areas (which can be termed 'pointbars') have formed at inner channel bends along the Reeves Channel. Visualisations to January 2005 also show that Reeves Channel flood-tide delta growth has extended further up-tide (towards Kalimna -refer figure 2), with development of a large shoaling area apparent in both 2005 DEM visualisations, and also in aerial photography (refer figure 26) . Time-series changes relating to Reeves Channel flood-tide delta development and extent can be visualised by employing 'depth shading' techniques (refer figure 27) . The use of these methods increases the visual awareness and understanding of long-term flood-tide delta and tidal channel morphological development. 
TIME-SERIES REEVES CHANNEL FLOOD-TIDE DELTA VOLUMETRIC CHANGE
Cut and Fill analysis mask '1' was designed to enable volumetric change quantification of an area encompassing the Reeves Channel flood-tide delta in the vicinity of the Rigby Island Groynes, and extending downstream to the artificial Entrance Channel entrance (refer figure 28). Cut and Fill analysis mask '2' (refer figure 29) was constructed to take advantage of an increased bathymetric coverage up-channel towards Kalimna Jetty, displayed by some DEMs (1975 DEMs ( , 1987 DEMs ( , 1992 DEMs ( , 1999 DEMs ( , 2005 . Thus, the extent of Reeves Channel flood-tide delta up-tide expansion towards Kalimna (previously examined using aerial photography and visual depth shading techniquese.g. refer figures 26 and 27) can be volumetrically quantified in time-series (1975-2005) . (1964, 1987, 1994, 2000, 2005) using two-dimensional depth shading techniques. Table 2 ) shows that there has been a considerable net increase in flood-tide delta volumetric extent. A period of extensive sediment accretion took place during the 23 year DEM 'snap-shot' interval between 1941-1964, followed by a loss of sediment over the period [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] . Excepting the isolated periods 1989-1992 and January -July 1998 (where an estimated net sediment loss from the Reeves Channel flood-tide delta took place), all other derived time-series estimates shows that a net sediment accretion trend within the Reeves Channel flood-tide delta has been dominant.
Volumetric change estimates obtained using analysis mask 2 for the period 1975-2005 (refer Table 3 ) quantifies the Reeves Channel flood-tide delta volumetric expansion that has taken place up-tide of Rigby Island Groyne 1 towards Kalimna Jetty. All DEM 'snap-shot' intervals volumetrically examined for this time period show that rapid net sediment accretion and floodtide delta consolidation has taken place within the Reeves Channel, and volumetric results support the findings obtained through two and three-dimensional DEM visualisation analysis methods. It is apparent that the emplacement of Rigby Island Groynes 1, 2 and 3, during the hydrographic survey interval between 1941 and 1964, has considerably influenced Reeves Channel bathymetric evolution. Three-dimensional time-series DEM 'snap-shots' for the period 1964-2005 exhibit how this has occurred. The positioning and form of Groyne 1 causes deflection of ebb-tidal currents moving towards the artificial entrance from 'The Narrows' below Jemmies Point (refer figure 30) . After the main Reeves tidal channel centreline passes Groyne 1, it travels towards Groyne 2, where it is then deflected toward the entrance to the North Arm and Bullock Island (refer figure 31) . Since about 1987, flood-tide delta accretion between Rigby and Bullock Islands has effectively separated Groyne 3 from this sinuous tidal channel. Apart from a relatively shallow scour hole, which has persisted at the outer end of Groyne 3 since then, this structure has not influenced Reeves Channel bathymetric evolution to the same extent as the remaining up-tide Groynes 1 and 2. Deep tidal scour holes, situated off the Groyne 1 and 2 outer ends (refer figures 30 and 31), attest to the existence of turbulent tidal flows, which form on both ebb and flood tides due to the influence of these structures. Scour holes form as a result of the interactions of adjacent structures, tidal currents, waves, and wave generated currents (CEM, 2002) , and according to Morisawa (1985, 34-35) , turbulent flows consist of velocity pulses from eddies, causing fluctuations of velocity in water profiles. Energy dissipation takes place in turbulent flows, as energy is transferred between water masses.
In contributing to the development of channel sinuosity and turbulent flows, it is likely that one of the long-term effects of Rigby Island Groyne emplacement may have been to cause a loss of ebb-tidal energy and velocity in the Reeves Channel. Thus, rather than enhancing ebb-tide sediment scouring in the Reeves and Entrance Channels, and across the ebb-tide delta, Rigby Island Groynes may act to decay ebb-tidal current velocities. That any reduction in ebb-tide velocity will affect sedimentation patterns in the vicinity of coastal lagoon or tidal inlet entrances has been noted by Bird (1967) , Davies (1980) , and Bruun and Gerritsen (1960) . A loss of ebbtidal velocity in the Reeves Channel, due in part to the location and form of Rigby Island Groyne emplacement, may have contributed heavily to the inexorable sediment volumetric gain which has taken place across the Reeves Channel flood-tide delta over the period 1941-2005 (e.g. refer Tables 2 and 3). A reduction in ebb-flow strength at the artificial entrance area is also related to catchment development issues, such as increased irrigation demands from the Macalister Irrigation District (Wheeler, 2005a ) (refer figure 32), and inter-regional water transfer from the catchment via impoundments such as the Thomson Dam (e.g. see Wheeler, 2005a) . A documented falling catchment water yield (especially over the past 30 years) refers also to falling rainfall trends (Wheeler, 2005a) and de-watering of aquifers (on-shore and off-shore, see Lawrence, 1992; DSE, 2005) , and to long-term land-use management and practice changes. It is interesting to note that Rosenfeld (2000) has published research results suggesting that the falling rainfall trend may be due to aerosol cloud pollution from up-wind urban and industrial sources (e.g. from Melbourne and Adelaide), which can alter rain-producing processes. Falling rainfall trends have been noted in such situations in other parts of the world, such as California and Israel, by Givati and Rosenfeld (2004) . Diminishment of ebb-flow augmentation at the Gippsland Lakes artificial entrance area, facilitated by the progressive reduction of contributing catchment streamflow and rainfall inputs, has clearly allowed flood-tidal currents of a higher relative velocity to transport sediment (via suspension or bed load traction) from Bass Strait, where it can be deposited in the Reeves Channel upon flood-current velocity attenuation. Another potential contributor to flood-tide delta accretion is sediment management regime changes, in this case after the deployment of the side-cast dredger April Hamer, which has been almost permanently operational in the artificial entrance area since 1977. The dredging methods of the April Hamer across the ebb-tide delta in Bass Strait (refer figure 33) are considered by Bird (2000, 238) to enhance flood-tidal delta nourishment within the inner channels. In sediment transport terms, the side-cast dredging operation promotes continued suspension of sediment throughout the water column, which simulates high wave energy conditions at the ebb-tidal delta (even in calm sea conditions) during dredging operations. Thus, the scope for flood tide entrainment to augment the volume of the flood-tide delta is enhanced. Within the time period 1941-2005, extensive sediment removal via dredging has taken place at various locations within the Reeves Channel. The vast majority of these activities have not been accurately documented in terms of dredging locations, or volumes of sediment removed. In the past, sediments dredged from the Reeves Channel have been deposited upon the eastern shoreline of Rigby Island, and on Bullock Island (refer figure 34) . From the hitherto unstabilised Rigby Island "sand dump", it is possible for sediments to be blown back into the Reeves Channel, constituting another contribution to channel infilling. The relationship between wind velocity, and rate of unconsolidated sand transport, (e.g. see Bagnold, 1954) in relation to wind rose data from East Sale (refer figures 35 and 36) shows that dry bare sands of the study area are exposed to winds of sufficient velocities to cause frequent aeolian sand movement. Wheeler (2005a Wheeler ( , 2005b and Wheeler and Peterson (2005) suggest that during a major Gippsland Lakes catchment flood event in late June 1998, the level of Reeves Channel flood-tide delta sediment accretion to this time contributed to damaging flooding experienced in low-lying areas of the Lakes Entrance township. After this event, since January 1999, Gippsland Ports (the authority responsible for navigation channel maintenance) has used a Sand Transfer System (refer figure 37) in attempts to remove sediment from the Reeves Channel and other locations. This operation utilises the April Hamer to side-cast sediment to various spoil deposition sites, from which a suction-cutter dredger (the Sandpiper until its retirement from service in September 2005) then dredges the accumulated spoil, and pumps this via an onshore pumping station to a Ninety Mile Beach outfall site. It is likely that sediment accretion in the Reeves Channel would have been far greater had large quantities of flood-tide delta sediment not been removed over time. However, Cut and Fill computation shows that flood-tide delta accretion has continued despite the introduction of these management strategies, and as Wheeler (2005b) suggests, this sediment accretion potentially increases the vulnerability of low-lying infrastructure in the Lakes Entrance township to any future Gippsland Lakes flood event. The relative contribution of coastal sediment deposition to coastal flooding events has been noted by a number of authors in other areas of the world, for instance by Woods (2004) , and Chen et al. (2005) . The results derived from spatial modelling and analysis of Reeves Channel bathymetric evolution since 1941 facilitates comparison between documented bathymetric changes from the hydrographic record, and the likely bathymetric changes that may have occurred had the Reeves Channel training wall design proposal, as listed in the 1927 Royal Commission, been implemented. It is suggested that the design and positioning of the proposed 1500 ft (457.2 m) long rubble training wall (refer figure 5) would have created Reeves Channel hydrodynamic conditions more conducive to the concentration of ebb-tidal outflow, than has occurred after emplacement of the three Rigby Island Groynes in echelon. Had this rubble wall been emplaced, it is likely that the main Reeves tidal channel centreline may have followed the eastern Reeves Channel shoreline, rather than developing into a sinuous channel. As Morisawa (1985, 91-92) relates, the centreline of natural channel flow will move towards the outer (concave) bank, as a result of minimum variance or least work principle. Conceivably, the ebb-flow concentration produced by a linear channel form would have, through greater ebb-tide velocities, increased the potential for ebbtidal scouring in the Reeves and Entrance Channels and across the Bass Strait ebb-tide delta area. Thus, in the long-term, expenditure of effort and public funds on maintenance dredging may have been significantly reduced by application of the 1927 design.
The application of results reported in this paper is relevant for the future application of Gippsland Lakes catchment Integrated Coastal Zone Management (ICZM -e.g. see Cicin-Sain and Knecht, 1998) . Documented Reeves Channel flood-tide delta volumetric changes can be viewed as form of catchment environmental health 'indicator', and potentially as a 'trigger' for the development and implementation of a realistic and sustainable ICZM program (e.g. see Vallega, 1999) . Whilst at present, channel maintenance problems are dealt with in relative isolation by Gippsland Ports, it is clear from research results provided in this paper, and also by Wheeler (2005a Wheeler ( , 2005b and Wheeler and Peterson (2005) that these problems also relate partly to matters under the jurisdiction of all other catchment management authorities (including: Melbourne Water, Southern Rural Water, the Gippsland Coastal Board, and the East and West Gippsland Catchment Management Authorities). Clearly, future implementation of ICZM within the Gippsland Lakes catchment would require all catchment stakeholders to:
A. understand applicable natural coastal processes and problems; B. understand how catchment management decisions may alter these processes and problems; C. measure ICZM decisions against a range of indicators (e.g. environmental) as a means of determining success (e.g. see Ehler, 2003 and Olsen, 2003) , and; D. cooperate in full while planning for the allocation of access to natural resources.
It is apparent that Bass Strait is the source of sediment causing flood-tide delta development in the Reeves Channel, and that established sediment transport and depositional processes intimately link both the ebb and flood-tide deltas (e.g. see Wheeler, 2005a) . Clearly, any future mitigation strategy must be planned to negate these processes if Reeves Channel sediment management is to be sustainable and effective in the long-term. In that it is probably impossible for Gippsland Lakes catchment authorities to reinstate natural catchment streamflow regimes in the future (so as to enhance ebb-tidal sediment scouring), the use of coastal engineering options will no doubt be proposed. The most sustainable strategies in these terms will surely be those that utilise and harness existing natural processes currently in operation. Thus, in order to solve the problem of flood-tide delta sedimentation, emphasis must firstly be placed on solutions which would alter sediment supply to the Bass Strait ebb-tide delta area. Any options for adoption of engineering solutions should be firstly tested via three-dimensional hydrodynamic modelling.
CONCLUSIONS
The two and three-dimensional modelling results presented in this paper clearly show that after emplacement of Rigby Island Groynes 1, 2 and 3, the progressive formation of a sinuous Reeves tidal channel form has taken place. Tidal scour hole development at respective groyne ends attest to a concentration and expenditure of tidal energy at these points. The formation of extensive Reeves Channel 'point bar' shoaling areas is another result of the development of a sinuous channel form. It is likely that a major long-term result of departure from the 1927 Reeves Channel training wall design (in favour of three groynes emplaced in echelon) has been to contribute to a reduction of Reeves Channel ebb-tidal velocities, and therefore, the overall rate of attendant sediment scouring in the Reeves and Entrance Channels, and across the ebb-tide delta in Bass Strait.
Future sediment management at the Gippsland Lakes artificial entrance area would clearly benefit from the removal and/or re-positioning of the Rigby Island groyne field, in order to create hydrodynamic conditions favourable to the enhancement of Reeves Channel ebb-tide velocities. Any such engineering works should be designed and constructed to operate in harmony, rather than in conflict, with the natural processes currently in operation at the artificial entrance area.
It remains mandatory that any research into such recommendations should firstly be tested via three-dimensional hydrodynamic modelling.
The adoption of a time-series three-dimensional modelling approach has been shown in this paper to facilitate a much greater stakeholder understanding of coastal and catchment management issues, and to yield far more potential for future bathymetric monitoring than can the use of analogue hydrographic charts.
